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Abs t rac t - -GC profiles of the airborne volatiles produced by adult males and 
females of the rice bug, L. chinensis showed no qualitative chemical dimorph~ 
ism, However, GC-EAD experiments showed that eight of the compounds 
elicited strong responses in male and female antennae. Ruling out alarm pher~ 

omone and compounds that were not found in the whole-body extracts of the 
bugs, four compounds remained to be tested as possible attractants. In field 
experiments, the whole mixture Mr tertiary blends were not attractive: how~ 
ever. males were strongly attracted to a 5: I mixture of 2-(E)-octenyl acetate 
and octanol. The attractancy of the binary mixture was decreased by the 
addition of 3-(Z)-octenyl actetate. Although the binary lure specifically 
attracted males, there was no evidence that it triggered any resl~mse of sexual 
behavior in males. 
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2-(E)-octenal, 2-(E)-octenol, octyl acetate, 3-(Z)-octenyl acetate, rice bug, 
Leptocorisa ehinensis 

INTRODUCTION 

There are some 35,000 species of  Heteroptera worldwide, yet sexual phero- 
mones are fully known only for a few species, The diverse nature of the group 
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itself has hindered progress, and the copious defensive secretions from meta- 
thoracic glands found in most true bugs can contaminate sex pheromone samples 
(Aldrich, 1995). In order to alleviate the problem derived from their overwhelm- 
ing chemical fortification, we have used gas chromatography coupled with an 
electroantennographic detector (GC-EAD) to study chemical communication in 
the bean bug, Riptortus clavatus. This technique allowed us not only to separate 
defensive substances from semiochemicals but, more importantly, to isolate an 
alarm pheromone (Leal and Kadosawa, 1992) from other attractants. Further 
studies led to the identification of male-specific multifunctional semiochemicals 
that play the double role of attractant pheromone for adults as well as aggregation 
pheromone that enables second instars to find the host food plant (Leal et at,, 
1995). This prompted us to investigate chemical communication of other species 
of the same family (Alydidae). In that connection, the rice bug, Leptocorisa 
chinensis (Dallas), kumoherikamemushi in Japanese, is an interesting case study 
because it is an economically important pest in Japan, China, and other South 
East Asian countries for which alternative methods of control are badly neeeded. 
Surprisingly, we found that males and females of the rice bug produce various 
semiochemicals that are sensed by both sexes, two of them being attractive only 
to males. 

METHODS AND MATERIALS 

Analytical Procedures. Gas chromatography (GC) was carried out with a 
Hewlett-Packard 5890 II Plus instrument equipped with a split/splitless injector, 
electronic pressure control, a flame ionization detector, and an HP 3365 Series 
II Chemstation. High-resolution GC analyses were performed with polar and 
nonpolar capillary columns: HP-Innowax and HP-5MS (30 m x 0.25 m m x  
0.25 ~m; Hewlett-Packard), respectively. These columns were operated at 70°C 
for 1 min, increased to 230°C at a rate of 10°C/rain, and held at this temperature 
for 10 min. Low-resolution mass spectrometry (MS) was carried out with an 
HP 5890 II Plus gas chromatograph linked to a mass selective detector MSD 
5972 (Hewlett-Packard). Chromatographic resolution was achieved on a HP- 
Innowax column operated under the same conditions as described above. MS 
were also obtained on an Hewlett-Packard gas chromatograph electron ionization 
detector GCD Series, equipped with an HP-5MS capillary column that was 
operated at 50°C for 1 rain, increased to 150°C at a rate of 5°C/min, held at 
this temperature for 1 min, increased to 230°C at a rate of 10°C/rain, and finally 
held at this temperature for 10 rain. 

Gas Chromatography with Electroantennographic Detector (GC-EAD). The 
responses of L, chinensis antennae were recorded with a GC-EAD system (Stru- 
ble and Am, 1984). An HP 5890 Series II Plus Gas chromatograph was modified 
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to have the effluent from the capillary column split between EAD and FID (3 : 1 
ratio). Bug antennae were placed in a previously described acrylic stage (Leal 
et al., 1992) which was set inside the glass transfer line (2 cm away from the 
GC outlet) and connected with gold wires to an amplifier (gain 5). The signal 
was filtered through a passive filter (cutoff frequency 0.12 Hz) and fed into an 
A/D 35900E interface (Hewlett-Packard). Simultaneous acquisitions of FID and 
EAD signals were obtained with the above chemstation. 

Extracts. For the collection of airborne volatiles, field-collected adult bugs, 
separated into male and female groups, were anesthetized with CO2 to minimize 
the release of  defensive secretion and transferred to an all-glass aeration appa- 
ratus. The aeration apparatus contained a piece of wet cotton and an ear of 
foxtailgrass, Setaria viridis (Gramineae). The chamber was placed inside an 
incubator maintained at 25°C and a 16L:8D photoperiod. Volatile compounds 
were trapped on a Super Q (AIltech, Deerfield, Illinois) column. The trapped 
compounds were eluted by washing the column with hexane and the extract was 
concentrated to 0.1 insect equivalent/#l. Whole-body extracts were obtained by 
immersing at least three individuals in hexane for 3 rain. 

Chemicals. 2-(E)-Octenyl acetate and 3-(Z)-octenyl acetate were prepared 
by the reaction of the respective alcohols with acetyl chloride in dichloro- 
methane. Octyl acetate, 2-(E)-octenol, and octanol were purchased from Tokyo 
Chemical Industry Co. Ltd. 

Traps and Field Tests. Newly developed sticky traps (20 x 20 cm) were 
made of  waterproof paper coated on both sides with adhesive polybutadiene. 
Field experiments were conducted in a rice field inside lbaraki Research Center 
in the summer of 1995. Chemicals (1 rag) were incorporated in plastic pellets 
(4-5 mm in diameter) made of polyethylene-vinyl acetate. Ten pellets were 
loaded on the sticky plate traps, and tests were run with the traps distributed 
around a rice field with three replicates. Traps were placed at 25 cm above the 
ground with an intertrap distance of 10 m. Capture data were collected daily 
for at least three consecutive days; these data were transformed to log (x+ 1) 
betbre difference among means were tested for significance by ANOVA with 
the JMP Software, Version 2 (Anonymous, 1989). Treatments followed by the 
same letters are not significantly different at the 5% level in the Tukey-Kramer 
honestly significant difference test. 

RESULTS AND DISCUSSION 

The GC-EAD profile of the airborne volatiles collected from L. chinensis 
females showed the occurrence of  at least eight peaks that were EAD-active 
(Figure 1). The same EAD responses were obtained with male or female anten- 
nae as the sensing element. 
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FIG. 1. Parallel FID and EAD chromatograms obtained frora airborne volatile of 
L. chinensis females during the scotophase (0.1 female equivalent) and separated on an 
HP-Innowax column. The EAD profile using a female antenna as the sensing element 
(in the figure) was identical to the profile obtained with male antenna (not shown). 

Interestingly, these EAD-active peaks were detected in the extracts from 
males as well as from females not only in the scotopbase (Figure 2), but also 
in the photophase. The FID profiles showed only quantitative differences, There 
was no qualitative difference in the whole-body extracts of males and females. 

The EAD-active peaks were identified by their mass spectra, followed by 
comparison with authentic compounds that gave the same retention times as the 
natural products on both polar and nonpolar columns. Because the bugs released 
abundant amounts of 2-(E)-octenal when disturbed, this compound was consid- 
ered to be part of the alarm pheromone system. In fact, 2-(E)-octenal has been 
previously identified as an alarm pheromone of other hemipterans (Blum, 1985). 
Toxicity and repellency tests also showed that 2-(E)-octenal is part of the defen- 
sive secretion of the rice bug, L. oratorius Fabricius (Gunawardena and Ban- 
dumathie, 1993). Octanal and nonanal were ruled out as part of an attractant 
pheromone since these compounds were not found in the whole-body extracts. 

Four compounds remained to be tested as possible attractants for the adult 
bugs: octyl acetate (OAc), 2-(E)-octenyl acetate (2EOAc), octanol (OL), and 
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FIG. 2. GC profiles of the airborne volatiles of (A) female and (B) male L. chim,nsis 
collected during 6 hr of the scotophase. 

2-(E)-octenol (2EOL). The activity of  these compounds was tested in the field 
by utilizing the ratio typically found in the airborne extracts: the ratio of 2EOAc, 
OAc, 2EOL, and OL was 10:5 : 2 : 2. This is not the ratio of the sample shown 
in Figure 1. Preliminary experiments showed that captures in traps baited either 
with a full mixture or with tertiary mixtures were not significantly different from 
catches in control traps. 

Finally, the attractants were identified by testing binary combinations of 
the four compounds. These experiments revealed that a mixture of 2EOAc and 
OL was very attractive to males (Figure 3), 

Catches in traps baited with 2EOAc and 2EOL, albeit small, were also 
significantly higher than captures in control traps. Further experiments involving 
only two treatments confirmed that males were attracted significantly more to 
the 2EOAc + OL lure than to the 2EOAc + 2EOL: the latter also captured 
significantly more bugs than control traps (Figure 4). The results were clear-cut 
because there was no catches at all in control traps throughout these experiments. 
In the preliminary tests, however, bugs were captured in control traps, probably 
due to the effect of weeds in the vicinity of the traps. This interference was 
completely eliminated by cleaning the rice field betbre the next series of  exper- 
iments. 

It was found that both male and female L. chinensis  also produce 3-(Z)- 
octenyl acetate (3ZOAc), although EAD response to this compound was very 
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FIG. 3. Catches of L. chinensis males in sticky traps baited with binary combinations of 
the four possible attractants. 

weak. Field tests showed that this compound decreased the captures of male 
rice bug in traps baited with the attractant mixture, 2EOAc + OL (Figure 5). 
Whether 3-(Z)-octenyl acetate is a part of the alarm pheromone system of the 
rice bug or a behavioral antagonist is yet to be clarified. Furthermore, 2EOL 
seems to have negative effects on the catches, but further experiments must be 
carried out to determine the role of this semiochemical in the chemical com- 
munication of the rice bug. 

Sex pheromones have traditionally been considered by researchers to be 
those compounds that are emitted by individuals of one sex and that cause 
attraction of members of the opposite sex, resulting in the location of the emitter, 
and subsequently, mating (Baker, 1989). Contrary to many other families, sex 
pheromones of hemipterans are largely produced by males. It is worth noting 
that in alydids, the metathoracic scent glands are sometimes sexually dimorphic, 
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FZG. 4. Captures of males of the rice bug in sticky traps baited with 2-(E)-octenyl acetate 
plus octanol and 2-(E)-octenyl acetate plus 2-(E)-octenol. 

and the dimorphisms are expressed chemically (Aldrich et al. ,  1993). Recently, 
we found that males of  the bean bug Riptortus clavatus release semiochemicals 
that attract both males and females (Leal et al., 1995). Interestingly, the case 
of the rice bug is just the opposite, i.e., only males are attracted to semiochem- 
icals that are produced and released by both males and females. Although female 
antennae of L. chinensis can " 'smell"  the male attractants (and the other semio- 
chemicals tested), they do not elicit any attraction for females. Throughout the 
whole series of experiments, only four females were captured, although insect 
samples collected in the same field had a sex ratio nearly 1 : 1. 

In conclusion, 2EOAc and OL are produced by both male and female of 
L. chinensis and attract only males of  the same species. Field experiments 
showed that a 5:1  mixture is very attractive, but the optimum ratio of  the 
attractants is yet to be determined. 

For this attractant pheromone we avoided using the term sex pheromone 
(Tamaki, 1985) because, despite the fact that the chemicals are "secreted by 
an organism to the outside and cause a specific reaction in a receiving organism 
of the same species" (Nordlund, 1981), there is no evidence that these semio- 
chemicals trigger any sexual behavior in males other than attraction. Future 
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FIG. 5. Captures in traps baited with a 2-(E)-octenyl acetate + octanol (5 :1)  and the 
binary mixturc plus 3-(Z)-octenyl acetate (5 : I : 1 ). 

de ta i led  b e h a v i o r a l  s tud ie s  will  be  ca r r i ed  ou t  to tes t  the  poss ib i l i t y  that  t he se  

s e m i o c h e m i c a l s  are i n v o l v e d  in lek f o r m a t i o n .  

T h r o u g h o u t  th is  p a p e r  we  u s e d  the  t e rm  s e m i o c h e m i c a l s  ( N o r d l u n d  and  

Lewi s ,  1976) for  all E A D - a c t i v e  c o m p o u n d s  b e c a u s e  the  c o m p o u n d s  are re leased  

and  s e n s e d  by the  s a m e  s p e c i e s ,  and  t hey  are  l ikely  to be  i n v o l v e d  in c h e m i c a l  

in te rac t ions  b e t w e e n  the  rice b u g s .  F u r t h e r  s t ud i e s  are  n e e d e d  to c la r i fy  the i r  

speci f ic  role in the  c h e m i c a l  e c o l o g y  o f  this  spec i e s .  
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